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Abstract 6 

In this article, the aim is to explore how social aspects of the adoption and expansion 7 

of milking robots in Norwegian dairy farming are related to the political and structural 8 

changes in the sector. To explore the relationship between the implementation of 9 

automated milking systems (AMS) and structural developments, we used a qualitative 10 

methodology building on data from interviews with farmers, policy documents, 11 

statistics, and secondary literature. The structural change in the Norwegian dairy 12 

sector was substantial between 2000 and 2018. The average number of cows on each 13 

farm increased from 14.4 to 27.9, while the number of farms decreased from around 14 

21,000 to less than 9,000. More than 47 percent of the milk produced in Norway now 15 

comes from a dairy farm with an AMS, and this percentage is rapidly increasing. We 16 

argue that the structural developments in milk production in Norway are neither 17 

politically nor economically driven, but are mainly an unintended consequence of 18 

farmers’ aggregated investments in AMS – which are supposed to increase farmers’ 19 

everyday quality of life – and reluctant regulatory changes to make investments in 20 

AMS structurally and economically viable.  21 
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Introduction 25 

Background and theme 26 

Technological innovation and structural developments in agriculture are closely linked. The 27 

introduction and spread of automated milking systems (AMS) in Norwegian agriculture is no 28 

exception. Milking robots have become a significant feature in Norway, and the dairy sector 29 

has gone through rapid structural change over the last decades. Structural change includes 30 

changes such as number of farms, average size, regional concentration of farms, and so forth. 31 

Currently, Norway has one of the highest levels of AMS in milk production in the Nordic 32 

countries (NMSM, 2019). In 2016, Norway was first in front of Iceland in the proportion of 33 

total milk produced by milking robots (TINE, 2018). By the end of 2018, 47 percent of 34 

Norwegian milk production came through an AMS (TINE, 2019). The average farm size in 35 

terms of number of cows almost doubled from 14.4 in 2000 to 27.9 in 2018. Thus, the average 36 

size of a dairy farm is steadily increasing with AMS usage. However, although the correlation 37 

between new technology and structural change is not surprising, the underlying causality is 38 

uncertain.  39 

The aim of this paper is to explore how the adoption and expansion of AMS in dairy farming 40 

are related to the political and structural changes in the sector. Our findings suggest that, at 41 

farm level, the drive toward investing in AMS cannot be explained by economic rationality 42 

alone. Economically, investments in AMS under Norwegian conditions show very mixed 43 

results (Hansen et al., 2018), and farmers who invest in AMS do not – in general – expect 44 

increased profits. Norwegian farmers’ motives for investing seem to be of a more social 45 

character. Norwegian farmers invest in milking robots to improve their everyday life – socially 46 

and professionally – and they increase the production to finance their investment. Politically, 47 
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for the parliament, it has not been a goal to stimulate structural change. However, there have 48 

been gradual and reluctant (until 2014) policy changes allowing for both individual and 49 

aggregated adaptations, from which structural change has resulted. 50 

On the one hand, structural change is associated with increased productivity and improved 51 

economic conditions for farm households. On the other hand, structural change can have 52 

unwanted effects such as concentration of production in some regions, farming communities 53 

in decline in the less favored regions, increased renting of land, underutilization of arable 54 

land, increased fodder imports, and so forth (Arnoldussen et al., 2014; Forbord et al., 2014). 55 

This may be seen as an illustration of what van der Ploeg describes as a macro–micro 56 

contradiction: “what is rational at the micro level emerges as irrational and counterproductive 57 

at the macro level – is typical of present day agriculture and especially, I would argue, for 58 

today’s race to the bottom” (Van Der Ploeg, 2000, 506). Our study also indicates that there 59 

are micro–macro contradictions, although we would argue that there is more to this 60 

development than a race to the bottom. On both the micro and the macro level, the 61 

consequences of technological change are profound and mixed – positive and problematic.    62 

The Norwegian context 63 

Norway is a high-cost and wealthy welfare state. Living standards and labor costs are high, 64 

and access to capital and technology is relatively abundant. Land, on the other hand, is scarce 65 

(Forbord and Vik, 2017). Only 3 percent of Norwegian land is arable land, and, in a European 66 

context, Norwegian agriculture is relatively small-scale. In 2018, the average farm unit was 67 

24.9 hectares and the average dairy herd size was 27.9 milking cows (Statistics Norway, 2019). 68 

Furthermore, agricultural lands are rather scattered, and the average discrete piece of land is 69 

only one hectare.  70 
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The agricultural sector in Norway is oriented toward the domestic market. As Norway is not 71 

a member of the European Union, the Common Agricultural Policy does not regulate 72 

Norwegian policy. Neither do Norwegian producers have free access to European markets. 73 

Nonetheless, the agricultural sector is highly regulated. There are five key elements in the 74 

Norwegian agricultural policy model (Almås, 2016): i) high trade barriers on products 75 

important for Norwegian farmers; ii) a high level of direct farm payments negotiated annually 76 

between the government and the farmers’ organizations; iii) corporative market 77 

arrangements around key production areas such as dairy, meaning that  farmers’ 78 

cooperatives and agricultural authorities work together in the regulation of the market; iv) a 79 

regulated market for farm properties; and v) a geographically distributed production 80 

structure that is regulated by a mixture of diversified support schemes and quota regulations, 81 

which conserve a structure in which grain is produced in the best climatic zones and animal 82 

husbandry of various kind – e.g. dairy – is kept in the less favorable regions. For more than 83 

three decades, milk quotas per farm have regulated the supply side of the Norwegian market 84 

– a market where total domestic production has remained stable around 1,500 million liters 85 

a year (Budsjettnemnda, 2019).  86 

Literature review  87 

Dairy farming, a key sector in contemporary agriculture, has experienced major technological 88 

developments with several associated smart-farming innovations. The introduction of milking 89 

robots, or AMS, is in some countries among the most significant of these developments 90 

because it has fundamentally changed farmers’ working day and farmer–animal relations 91 

(Butler et al., 2012; Holloway et al., 2014; Hårstad, 2019; Rodenburg, 2017). Currently, it is 92 

estimated that more than 35,000 AMSs operate on dairy farms around the world (Salfer et 93 

al., 2017), and AMS usage has achieved a substantial position in family-based dairy farming. 94 
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In Norway, the first AMS was installed in 2000 (Kjesbu et al., 2006). By the end of 2016, out 95 

of a total of 8,486 dairy farms, 1,726 had robots, and the number of AMS farms is increasing. 96 

Approximately 200–250 AMS units are installed in Norway each year.  97 

The new technology has prompted a wide range of studies across various disciplines such as 98 

technology, veterinary, livestock, economic, and so on (Bentley et al., 2013; Hansen, 2015; 99 

Tse et al., 2018).  AMS usage is regarded as a kind of precision farming (Eastwood et al., 2017) 100 

included in precision livestock technologies (John et al., 2016) and smart farming. Precision 101 

farming is about in-field efforts, and smart farming is “basing management tasks not only on 102 

location but also on data, enhanced by context- and situation awareness, triggered by real-103 

time events” (Wolfert et al., 2017, p.70). For example, data generated from AMS are a crucial 104 

element in smart farming. Developing algorithms and/or tools for real-time monitoring and 105 

the accompanying decisions creates a strong smart-farm tool to improve farm management.  106 

From a human–machine relations perspective, it is emphasized that this relation is a form of 107 

cooperation to manage and control for uncertainty and risk (Wessel et al., 2019; Hoc, 2000), 108 

but these human–machine relations also activate new debates about ethics, like how this 109 

technology influences “bovine freedom, autonomy and choice” (Holloway et al., 2014, p. 110 

139).  The complex human–machine relation has other aspects related to important 111 

motivations for farmers, such as their perceptions of their quality of life. At farm level, AMS 112 

usage has altered farmers’ quality of life and affects their health, safety, and the environment. 113 

The introduction of AMS has also affected socio-cultural aspects that include household labor 114 

division and work-hour flexibility. AMS suppliers’ primary arguments for investing in AMS 115 

involve reduced labor and improved cow welfare (Drach et al., 2017). In a review of AMS 116 

studies, Jacobs and Siegford (2012) reported a decrease in labor by as much as 18 percent. 117 
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However, other authors found little difference in labor use, but differences in task and work 118 

flexibility (Steeneveld et al., 2012). Similarly, Butler et al. (2012) found that, although AMS 119 

reduced the need for labor in the milking parlor, farmers’ workload changed rather than 120 

decreased. According to Hansen (2015), farmers who invested in AMS emphasized the 121 

following main benefits: less time spent on milking, more interesting farming, more stable 122 

treatment of the cows, and less need for relief in the cow house. Several studies imply that 123 

the main motivation for farmers to invest in AMS is not economic, but rather to improve their 124 

quality of life and achieve a more flexible working day (Hansen, 2015; Stræte et al., 2017; 125 

Hårstad, 2019; Rodenburg, 2017). 126 

AMS usage is a stage in farmers’ development, increasing their technical capacity and their 127 

economic scale. A milking robot is a device associated with increased efficiency and 128 

productivity and is therefore expected to have consequences for the profitability of dairy 129 

farming. Some studies find evidence that profitability increases (e.g. Tse et al., 2018), whereas 130 

others have mixed findings (Hårstad, 2019; Hansen et al., 2018). However, the consequences 131 

for profitability are likely to be highly context (and therefore country) dependent.  132 

Investments in productivity-enhancing technologies may also be viewed as part of what has 133 

been called the agricultural treadmill (Ward, 1993) or the race to the bottom (Van Der Ploeg, 134 

2000; Marsden, 1998) where the investments increase productivity and production, while 135 

farmers’ margins decrease as a result of the reduced market price and increased costs and 136 

debts. In the literature, strategies of specialization/diversification are somewhat contested 137 

(de Roest et al., 2018; Halfacree 2007). In this study however, we examine at a more general 138 

level why dairy farmers invest in AMS. Is it a disruption in technology or production, or is it a 139 

path-dependent strategy? Barnes et al. (2016) hold that farmers tend to follow the pattern of 140 
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action from the past, i.e. path dependency . Investment in technology and competence are 141 

examples of arguments for maintaining existing production methods. Burton (2004) argues 142 

that the cultural orientation among farmers in general indicates that being a ‘good farmer’ 143 

implies intensive agricultural production, although one may ask whether it is necessary to 144 

invest in AMS to continue being a good farmer. At another level, the momentum created by 145 

considering an investment in AMS may be a key nodal turning point (Wilson, 2007), also 146 

referred to as a ‘trigger point’, in the farm life cycle (Sutherland et al., 2012).  147 

In general, the studies reviewed above do not address (or treat only implicitly) the relations 148 

between micro-level motives, expectations, and experiences on the one hand, and macro-149 

level structural change on the other. Our study contributes to the field by exploring how farm-150 

level adaptations to AMS technologies are related to macro-level political and structural 151 

change in the Norwegian dairy sector. 152 

Outline 153 

To explore the relationship between AMS implementation and structural developments, we 154 

used a qualitative methodology building on data from interviews with farmers, policy 155 

documents, statistics, and secondary literature. The rest of this paper is organized as follows. 156 

First, we describe our methodology and data, and thereafter we present our findings on 157 

structural change; farmers motives for, and experiences with, AMS; and agricultural policy 158 

developments. Finally, we discuss the relationship between the mentioned issues and sum up 159 

in a conclusion.     160 

Methodology 161 

In our study, we adopt a qualitative approach. Methodologically, we take a pragmatic stance 162 

and utilize an abductive logic (see e.g. Tavory and Timmermans, 2014). Below, we elaborate 163 
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briefly what this means for our study. Pragmatism implies a modest approach and does not, 164 

according to Feilzer (2010, p. 13), “… require a particular method or methods mix and does 165 

not exclude others. It does not expect to find unvarying causal links or truths but aims to 166 

interrogate a particular question, theory, or phenomenon with the most appropriate research 167 

method.” Whereas inductive logic starts with data and deduction starts with theory, 168 

abductive logic starts with a consequence and we (as scientists) construct reasonable causes 169 

that fit the available observations (Tavory and Timmermans, 2014, p. 37).  170 

The practical consequence of the abductive line of reasoning is that we do not expect that 171 

one particular theoretical frame or approach is likely to a priori give a good representation of 172 

the linkage between the micro-level motives and expectations and the macro-level structural 173 

consequences. Such models (to our knowledge) do not exist. Our approach, therefore, is to 174 

explore the relationship in a pragmatic manner.  175 

We have included different kinds of empirical data. We consulted the core policy documents 176 

and secondary sources to describe the Norwegian dairy production sector and related policy 177 

changes. We have also taken statistics from various sources to describe the structural changes 178 

in the sector. Together, these enabled us to describe the development of the dairy sector in 179 

Norway from late 1990 to 2018 in terms of production, policy, and structure.  In addition, we 180 

conducted 26 interviews with dairy farmers who had installed AMS. These gave us useful 181 

insights regarding the motives for implementing AMS as well as experiences with the AMS 182 

way of being a dairy farmer. Our data sources are summarized in Table 1. 183 

Table 1. Overview of data sources and uses regarding Norwegian agricultural policy 184 

Type of data Source Mainly used to  
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Policy 
documents 

White paper Meld.St. 11 (2016–2017) 
(Ministry of Agriculture and Food, 2016)  
White paper Meld.St. 9. (2011–2012) 
(Ministry of Agriculture and Food, 2011)  
White Paper St.Meld. nr. 19 (1999–2000) 
(Ministry of Agriculture and Food, 1999) 
Government strategy Agriculture Plus 
(Ministry of Agriculture and Food, 2005) 
The Sundvolden statement (Government, 
2013) 
The Soria Moria declaration (Government, 
2005)  

Describe the political 
changes in Norwegian 
agricultural policy 

Secondary 
sources  

Almås (2016) 
Almås and Vik (2015) 
Grue (2014) 
Hårstad (2019) 
Stræte and Almås (2007) 
Vik et al. (2017) 

Describe the political 
changes in Norwegian 
agricultural policy 

Statistics Statistics Norway (2019) 
NMSM (2019) 

Describe structural 
changes 

Interviews Own interviews. See also Nærland (2015) Describe motives and 
narratives of investments 
and development on 
farms and so on  

 185 

The interviews were all held with farmers in the county of Rogaland in Norway; taped, 186 

transcribed, and analyzed using NVivo (QSR International); and anonymized. They were 187 

conducted during 2014 as part of a study of 36 dairy farmers who had built or renovated their 188 

cowsheds over the period 2007–2010. The farms were identified from the public register of 189 

farms that had received subsidies from governmental authorities and from information from 190 

municipalities, banks, and the dairy cooperative, TINE. Twenty-six of these 36 farms had 191 

installed an AMS. These make up the sample used in this study. Farmers were selected on the 192 

basis that they had been operating for at least three years in a new cowshed to be sure that 193 

they had sufficient experience with AMS.  194 
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Of the 26 interview participants, eight were husband and wife families, two were husband, 195 

wife, and son families, five were two individuals who represented the farm (such as joint 196 

farmers or an accountant), ten were male farmers, and one was a female farmer. Altogether, 197 

41 people were involved in the interviews and ranged in age from 24 to 65 years. Most 198 

individuals were in their 40s, and two-thirds were educated agronomists. In total, 19 of the 199 

farms were joint farming operations in which several independent dairy farmers worked 200 

together and cooperated with a common herd and cowshed. Eight farmers also had sheep, 201 

eight had pigs, and four had poultry.  202 

The farmers in our study invested to upgrade their production facilities for dairy farming. 203 

Furthermore, they are located in a part of Norway that is considered to be more production 204 

oriented and intensive than many other regions in Norway. Thus, our sample of farmers does 205 

not represent all kinds of Norwegian farmers, as those who have not invested are not 206 

represented.   207 

The questions posed to the farmers addressed their experience in planning and building or 208 

rebuilding a cowshed and included questions such as why the farmers invested in AMS, how 209 

the new system worked, how and to what extent they used the information from the AMS, 210 

what other related technology they used, and how the AMS influenced farm management, 211 

the farmers’ daily life, and their quality of life. The study is documented in Nærland (2015) 212 

and Hansen and Nærland (2017).  213 

Results and analysis 214 

In this section, we first present the structural changes that have taken place. Thereafter, we 215 

present a series of factors related to the introduction of AMS that may form part of an 216 

explanatory model of structural changes in the dairy sector. These are, first, factors at farm 217 
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level, such as motivations, strategies, and needs of the farmers and farms households, and, 218 

second, political factors related to the changing regulative agricultural regime.  219 

Milking robots and structural change in the dairy sector 220 

The first milking robot in Norway was installed in 2000. Since then, there has been a rapid 221 

increase in the number of robots, particularly after 2006. By the end of 2018, there were 222 

1,943 farms with AMS. This is close to 24 percent of all dairy farms, and these farms produce 223 

47 percent of total milk production (TINE, 2019). Figure 1 illustrates this development.  224 

Figure 1. Dairy farms with AMS in Norway 2000–2018  225 

  226 

Source: NMSM, 2019; Statistics Norway, 2019  227 

The structural change in the Norwegian dairy sector was substantial over the period 2000–228 

2018 (Figure 2). Figure 2 shows that the average number of cows on each farm has increased 229 

from 14.4 to 27.9. AMS usage and the upgrading of cowsheds also imply a substantial increase 230 

in milk yield per cow. Consequently, from 2000 to 2017, the number of cows in Norway 231 

decreased by approximately 30 percent, but production has remained stable.  232 
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Figure 2. Structural development in dairy farming in period 2000–2018, Norway  233 

  234 

Source: Statistics Norway, 2019  235 

As mentioned above, the Norwegian milk market is, with a few exceptions, a domestic market 236 

(see e.g. Almås and Vik, 2015; Vik and Kvam, 2017). This means that an average increase in 237 

the number of cows is accompanied by a corresponding decrease in the number of producers. 238 

The number of producers has declined from around 21,000 in 2000 to less than 9,000 in 2018. 239 

A milk quota system regulates production, and a quota trading system makes it possible for 240 

some farmers to expand while others can exit dairy farming. In addition, there is a limit on 241 

how many liters any one farm can produce per year. The quota system has become an 242 

integrated and important part of the corporative agricultural arrangements of Norwegian 243 

dairy sector (Almås and Brobakk, 2012; Almås and Vik, 2015; Grue 2014) 244 

Clearly, the structural change pictured in Figures 1 and 2 is accompanied by a series of other 245 

developments and changes, besides the introduction of AMS. The regulatory framework has 246 

changed, production on individual farms has changed, and workload as well as productivity 247 

have changed. Below, we shed light, first, on the micro-level motives and experiences 248 
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associated with AMS implementation and, thereafter, on the key elements in agricultural 249 

policy development from 2000 to 2018.  250 

Farmers’ motivations for investing in milking robots 251 

As we have seen, Norwegian farmers to a large degree embraced the new AMS technologies 252 

as they became available. But why? What is it with this technology that is so appealing? We 253 

now proceed to show how farmers themselves describe their motives and strategies for the 254 

changes that they have made. We asked the farmers an open-ended question as to why they 255 

invested in milking robots. The results are presented in Table 2. 256 

Table 2. Farmers’ motivations for investing in automated milking systems  257 

Category of motivation n=26a 

More flexible working day  12 

To be free of milking and related work, less physical strain 7 

AMS is the future, one must keep pace with developments 6 

To make it attractive for the next generation (succession) 3 

To expand production without depending more on other family members or hired 

labor 

3 

To expand or maintain a working partnership  2 

To improve animal welfare 1 

a Some farmers had more than one motive. 258 

The answers summarized in Table 2 indicate that a more flexible working day and an 259 

improvement in the character of the work are the most widely held types of motivation. The 260 

next two types of motivations are about positioning for the future. To elaborate on the 261 

farmers’ reasoning in these matters, we present some of their statements.   262 
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The most frequently noted motivation was achieving more flexibility in work and in everyday 263 

tasks.  264 

That [a milking robot] was the future, and reduced the input of work and increased 265 

the flexibility, … you didn’t have to go into the cowshed at fixed times. If there is some 266 

activity to attend with the kids, we can go into the cowshed afterwards. You are more 267 

flexible, right. (Farmer) 268 

Several farmers also emphasized the motivation to have state-of-the-art technology and 269 

participate in the development of dairy farming. A common opinion is that, if you do not 270 

invest in AMS, you are in danger of lagging behind technologically, weakening your business 271 

position.  272 

Well, I suppose it was … that one needed to follow the dance, you might say [keep 273 

pace with the times], and not get the feeling of lagging behind. We wanted to take 274 

part in the things that happened, and at that time some new cowsheds were built, it 275 

was a way to update yourself. (Farmer) 276 

An important element of keeping pace with development is to make dairy farming more 277 

attractive to potential successors. As one farmer said: “Our son gave us a clear message that 278 

we had to choose [the] robot.” Thus, in some cases, parents consider the milking robot to be 279 

a way to make the future of dairy farming more attractive. 280 

Whereas some farmers are very clear that specific motives prompted them to invest in AMS,  281 

others have broader justifications for their motives, as this response illustrates: 282 

Now we have a much better working situation. We have eliminated quite a lot of strain 283 

injuries when leaving that kind of work to the milking robot, and less bothersome, less 284 
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lifting and such things. And the animals too, they become older now as compared to 285 

what they did in the old cowshed. They too have a better life down here, so in the long 286 

run this will still be the right way ahead. And I think for the next generation it will be 287 

easier to take over when you have a complete and simple cowshed, than to keep on 288 

struggling with the patchwork up there [in the old cow house], to put it that way. 289 

(Farmer) 290 

Most of the motives are related to working conditions and quality of life; no one mentioned 291 

increasing profits as a motivation for investing in AMS. As one farmer said: “We didn’t do this 292 

for economic reasons because we knew it wouldn’t become better.” Thus, this study confirms 293 

that an expectation of increased profit is not a main motivation for investing in AMS. This is 294 

in line with studies that revealed that Norwegian average-sized farms that have invested in 295 

AMS, at least in the short run, have lower profits than dairy farms with conventional milking 296 

systems (Hansen et al., 2018; Vasseljen, 2016). However, the fact that farmers do not mention 297 

economic motives does not mean that the motives may not be conceptualized and analyzed 298 

in economic terms if that is an aim. In the same way, the fact that the farmers didn’t expect 299 

increased profit doesn’t mean that profits will not be affected. Still, it is interesting that 300 

economic concepts and consideration is not mentioned as the motivational drive for investing 301 

in AMS by the farmers. This is a point that relates to Forbord and Vik (2017), that found that 302 

access to labor and land – but not capital – were limiting factors for farmers to increase 303 

production.  304 

Improved quality of life for the farm household 305 

All the farmers interviewed shared the opinion that milking robots in general have improved 306 

their quality of life, relating to both their farm work and their everyday life. The lifestyle in 307 
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the rest of the rural community is less adjusted to dairy farm (without AMS) rhythms now, as 308 

dairy farmers make up a smaller part of the community. Thus, farmers sometimes face 309 

problems taking part in social activities in their communities. AMS can change this situation. 310 

If farmers do not need to milk cows at specific times, they can more easily attend social 311 

activities outside the farm and be more available to their family. For instance, they are able 312 

to join their children in activities after school in the afternoon and evenings:  313 

[Without the AMS] I would never have had so much time together with both the 314 

children and my wife. Now I can walk in at 2 pm when the children come home from 315 

school and ask them if they want some help to do the homework or something like 316 

that. (Farmer) 317 

However, although AMS usage has clear benefits, not everything improves. Dairy farmers 318 

need to have a relief worker to be able to take time off work, e.g. at weekends or holiday 319 

time. Some farmers find it more difficult to find a substitute when they have an AMS because 320 

the substitute needs specific AMS competence. As one farmer said: 321 

Because it is a computerized thing. People must know what they are doing. Things can 322 

happen with that [the milking robot], a small issue is a stop you can fix yourself, but if 323 

you hire [someone] who is not familiar with it, then it is not so easy. Often there will 324 

be many phone calls, fussing, and so on … That was something I had not thought much 325 

of. I thought it should be much easier, but it isn’t. (Farmer) 326 

Overall, the farmers in this study experienced an increase in their quality of life after they 327 

installed AMS. In particular, there was an increase in flexibility and a decrease in the need for 328 

physical work. 329 
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Expanding farm production 330 

In practice, investing in AMS implies investing in a new or renovated cowshed. The interviews 331 

show that, for many, the investment is partly financed by increased production. To afford a 332 

new cowshed, the volume of milk produced must be increased, as the profit per liter is 333 

difficult to increase to a sufficient degree, and this has a significant impact on daily life on the 334 

farm. One farmer put it this way: “It’s more of everything.” His partner elaborated:  335 

  It is another way of working. You do not milk the cows anymore, but still it’s 336 

much the same. You need to feed the calves and so on, you are responsible for 337 

the same tasks, just more of each. I feel there is just as much work indoors now 338 

as there was before. But outdoors, it has increased because you have much 339 

more land, more cultivated land and more pasture, and there is more manure 340 

to spread. At the same time, the equipment and the machinery are better, but 341 

we work more hours now than we did before.  342 

Another farmer gave this short response “… the production in the new cowshed and with the 343 

milking robot is multiplied compared to the old cowshed, and the work is displaced from 344 

milking to feeding and feed production.”  345 

Farmers expected the change in work to include more flexibility. However, some farmers did 346 

not fully account for the increased workload. In short, the working hours in-house remained 347 

approximately the same as before the installation of the AMS and the expansion, but the 348 

working hours outdoors increased.  349 

Thus, investing in AMS, combined with farm expansion, increases workload. This is not 350 

surprising, because the number of animals increased significantly on most of the farms. On 351 

average, the farms increased their milk quotas by 79 percent (Hansen and Nærland, 2017). 352 
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Some farmers are very conscious of the total amount of work. Instead of utilizing the capacity 353 

of the AMS maximally, about 70 cows per robot, and increasing production and turnover, they 354 

prefer to have less work and more time off. One of the farmers said: 355 

“We don’t have max on the robot. It is not 60–70 dairy cows, but 40–50 is more 356 

common for us, and then it doesn’t have to operate all day and night. So, we have 357 

some slack here.”  358 

Agricultural policies as a frame for dairy farming 359 

Having addressed the micro-level aspects of the interviewed farmers’ motivations and 360 

experiences, we now need to assess agricultural policies. A key question is whether the 361 

structural change may be ascribed to Norway’s changing agricultural policy. To get a grasp on 362 

this, we went through the major developments and shifts in that policy in the period from 363 

2000 to 2018.  This aspect of our data collection is based on key policy documents from the 364 

period, as well as secondary literature. Table 3 describes the turning points and developments 365 

in Norwegian agricultural policy relevant to the dairy sector from 2000 to 2018.   366 

 367 

<Table 3 around here>  368 

 369 

Multifunctionality is the term used to describe the agricultural policy regimes in Norway and 370 

many other countries from the mid-1990s until the international food crisis in 2007/2008. 371 

Norway has had a quota regulation for milk production since 1983 (Almås and Vik, 2015), 372 

although gradually the quota system has been opened for redistribution and structural 373 

change. Beginning in 1997, the state could buy out quotas from farmers who wished to quit 374 
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dairy production and redistribute parts of the quota to expanding farmers (Partssammensatt 375 

arbeidsgruppe, 2007). However, the system was rather inflexible (Grue, 2014). This changed 376 

in 2002, when tradeable milk quotas were introduced on the private market (within regional 377 

borders). The maximum quotas for single farmers and for joint farming were also increased 378 

at that time. From 2008 on, the fact that farmers were allowed to rent quotas accelerated the 379 

structural change in dairy farming. These changes were politically contested, especially the 380 

opening of quota trading, and became important topics in the annual negotiations between 381 

the Ministry of Food and Agriculture and the farmers’ organizations. The changes in quota 382 

regulations were responses to technological and organizational developments, rather than to 383 

some factor that was pushing change (Grue, 2014).  384 

Another important, and politically regulated, development in the Norwegian dairy business 385 

was the growth and decline of joint farming. Joint dairy farming has existed in Norway since 386 

the 1970s. However, the number of joint farming enterprises started to increase in the early 387 

1990s. It increased from 146 in 1995 to 1,973 in 2008 (Almås and Vik, 2015), partly because 388 

of extra subsidies for joint farming (Stræte and Almås, 2007). For some farmers, the 389 

establishment of joint farming was a growth strategy. However, after 2008, thanks to the 390 

legalization of quota renting, growth became possible without establishing joint farming. The 391 

number of joint farming enterprises then started to decline. Since 2015, the scheme for 392 

acreage support has changed, so that there are no governmental financial incentives for joint 393 

farming. The number of joint farming enterprises has since continued to decrease and had 394 

reduced to 954 in 2016 (Norwegian Agriculture Agency, 2017).  395 

Internationally, the agricultural policy discourse changed after the food crisis. Focus shifted 396 

from multifunctionality to neo-productivism. Although the content and consequences of both 397 
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concepts are contested (Tomlinson, 2013; Wilson 2008; Wilson and Burton; 2015), the 398 

interest in increased production and food security peaked (e.g. Carolan, 2013). It took some 399 

time before the new food security focus appeared in Norwegian policy, but in a 2011 white 400 

paper (Ministry of Agriculture and Food, 2011) a new and more production-oriented line of 401 

thinking emerged. However, this did not manifest in policy until after a new 402 

Conservative/Right government came to power after the 2013 election. Then, policies 403 

changed in favor of the larger farms, in terms of both higher maximum quotas for dairy 404 

farmers and an increase in direct support for producers with more land and higher production 405 

(Vik et al., 2017; Ministry of Agriculture and Food, 2016).  406 

Two key points are apparent from the development of Norwegian agricultural policy 407 

regarding dairy production. First, the policy changes caused milk production to take place on 408 

fewer and larger farms – there was a steady concentration of dairy production. Although this 409 

is in line with a policy focusing on productivity, it challenges the political goal of maintaining 410 

agricultural production all over rural Norway (Ministry of Agriculture and Food, 2011). 411 

Second, except for the changes in 2014 initiated by the new government, the policy changes 412 

regarding structural change were adopted rather reluctantly by policy actors (Grue, 2014).   413 

Discussion 414 

We have seen that investing in AMS is motivated mainly by quality-of-life considerations. 415 

Installing AMS is often associated with other investments, such as automatic feeders and 416 

modernized cowsheds, and the investments are partly financed by increased production. Our 417 

findings reveal that the motivations for these investments are to increase flexibility, ease the 418 

physical workload, and adapt to what is viewed by the mainstream dairy industry as the future 419 

standard of dairy farming. All these motives are more related to quality of life than to profit. 420 
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None of the farmers expects increased profits based on their investment in AMS. Yet, the 421 

farmers do, to some degree, use income from increased production to pay for the new AMS. 422 

AMS usage makes it easier for farmers to have more of a family life, take care of their children, 423 

and take part in social activities in their local communities. The value of these benefits 424 

depends on farmers’ individual preferences. However, we argue that, in the long term, these 425 

changes make farming more socially sustainable for Norwegian farmers. Our argument is in 426 

line with the farmers who argue that milking robots are “the future” and pivotal for ensuring 427 

that dairy farming remains attractive to potential successors. For most farmers, knowing that 428 

there is a successor who wishes to maintain production contributes positively to their quality 429 

of life and job satisfaction (Hansen and Stræte, in review). 430 

The spread of AMS may be seen as a part of the intensification of agriculture associated with 431 

several new productivist trends (Burton and Wilson, 2012. Yet, the farmers’ focus on quality 432 

of life considerations rather than profit imply that what we observe – as do Mackay and 433 

Perkins (2019) – is far from an agro-business of “super-productivism” where profit 434 

maximization is the core element (Halfacree 2007).  435 

Still, investment in milking robots is followed by a significant increase in the volume of 436 

production per farm. Compared to other countries, this rate of expansion is substantial. A 437 

Canadian study showed that farms increased their herd size from a median of 77 to 85 438 

lactating cows, i.e. a 10 percent increase (Tse et al., 2017). This difference in production 439 

increase may reflect the fact that, because Norwegian dairy farming is more small scale than 440 

Canadian dairy farming, it is necessary to increase more in order to utilize the robot’s capacity. 441 

It is also important to note that so far, robotic milking seems to be a phenomenon that first 442 

and foremost is of relevance to a farm structure fitted for one to three robots (Hansen et al. 443 
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2018; Tse et al., 2017;  Rotz, Coiner and Soder 2003). For larger herd sizes, other technologies 444 

may be more relevant. Nevertheless, within this range the macro-level consequence in a 445 

sector oriented toward the domestic market may be a substantial structural change. 446 

The introduction of AMS and related technologies in modern dairy farming is an illustrative 447 

case of technological change (with mixed causes) and substantial and far-reaching 448 

consequences. Technical breakthroughs related to advances in sensor and robot technologies 449 

are required preconditions for technological change. However, there is no linear development 450 

from technical inventions to the spread and use of new technologies. For AMS, technological 451 

development appears to be melded with social, economic, and political forces, creating 452 

substantial structural change. 453 

Our study indicates that farmers seek to position themselves for the future. The future is not 454 

a constant though. Both the overall agricultural discourse and the realities of rural Norway 455 

influence the farmers’ envisioning of the future, and their investments seem to be driven 456 

partly by social motives and partly by expectations for the future developments in farming. 457 

Basically, this is a household strategy used to prepare dairy farming for the coming years. 458 

However, investing in AMS remains costly. Most farmers need to increase their production 459 

after the investment and attempt to utilize most of the capacity of their robot(s). Even so, it 460 

is not clear, in the Norwegian case, whether investing in AMS is a strategy of specialization, 461 

or of diversification, which Valiant et al. (2017) identify as a method that will bring the 462 

younger generations into farming operations.  463 

It would be incorrect to ascribe the societal change to farmers’ wishes and motives alone. 464 

Agricultural development tends to be highly political, and Norwegian dairy farming is no 465 

exception. First, the Norwegian political economy, as an oil-fueled welfare state, has made it 466 
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possible to support agriculture both through a protective trade policy and a high level of 467 

subsidies (Forbord and Vik, 2017). Evaluations of the Norwegian investment schemes has 468 

shown that investments are made possible both through substantial governmental subsidies 469 

and private subsidizing with income from diversification (Pettersen et al., 2009; Sand et al 470 

2019). Second, there has been a political willingness both to use resources and to adapt the 471 

regulatory framework.  The structural change would not have been possible without a 472 

changed regulatory framework. When AMS was introduced to the Norwegian market, few 473 

single farms had the resources and the quota basis to sustain the investment. Together with 474 

the economic support and the social advantages of joint farming, the possibilities for investing 475 

in AMS made joint farming the preferred organizational model for many farmers who needed 476 

to upgrade their farm. These preferences have now changed so that farmers choose single-477 

farm solutions, but with the production capacity of the joint farming enterprises. Lately, it 478 

seems that the regulation of the dairy sector has provided the changes necessary for adapting 479 

to a new technological reality, which possibly became a more active stance after 2014.   480 

This Norwegian study indicates that investment in AMS is an important optional strategy for 481 

dairy farmers. The strategy is part of an overall plan for the survival and development of the 482 

family farm. The aggregated consequences of many farmers’ decisions influence the 483 

structural development of dairy farming in general. Our study also indicates that the 484 

reduction in work caused by AMS is substituted by increased outfield work, particularly the 485 

production and transport of feed. Overall, investing in AMS means that dairy farmers achieve 486 

increased flexibility but end up with a greater workload than before because of their 487 

increased production.  488 



24 
 

To sum up, our model of change may be described as follows. The cowshed and milking 489 

system need to be renovated when worn out, normally after 25–30 years. If the household 490 

wants to stay in dairy farming and have a flexible modern social life, investment in AMS is 491 

seen as a good option. Therefore, farmers who invest in AMS are motivated by social factors, 492 

a wish to increase flexibility and quality of life, and to stay in dairy farming. To cover the 493 

investment costs, there is a drive to utilize the capacity of the AMS, i.e. to increase the volume 494 

of production. Thus, AMS usage is a key element of the structural changes that take place. 495 

The increase in production is a function of the need to finance the investment. To allow for 496 

these micro-level adaptations, policymakers have followed up with openings for buying and 497 

renting quotas.  498 

Policy is shifting though: since 2014, the government has actively pushed farmers in the 499 

direction of structural change through a new distribution of governmental funding to benefit 500 

the larger producers (Vik et al., 2017). Increased attention on the structural consequences led 501 

to a shift in direction when agricultural policies in 2017 were adjusted by the Parliament 502 

(Stortinget) to give more support to small and medium-sized dairy farms (Stortinget, 2017).  503 

The micro-macro contradictions addressed by, for example, van der Ploeg (2000, 506) are also 504 

evident in our study. However, the extent to which this represents a race to the bottom may 505 

be questioned. Our study suggests that, at farm level, improvements in everyday life point to 506 

increased social sustainability, although economically, in terms of increased profit, the 507 

investments seem uncertain. As shown, the aggregated changes in dairy farm structures 508 

challenge some of the policy objectives for agriculture in Norway, especially the objective of 509 

maintaining farming in all rural districts. However, farmers’ associations and policymakers are 510 
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aware of what is happening and seek to adjust policies in relation to challenges at both the 511 

macro and the micro level.   512 

Conclusion 513 

In this article, we have shown that Norwegian agriculture experienced substantial structural 514 

developments alongside the introduction of AMS in the dairy sector from 2000 to 2018. These 515 

structural developments are likely to be strongly influenced by the implementation of new 516 

technologies. Whereas the increase in the average number of cows per farm in the 20 years 517 

between 1979 and 1999 was less than four cows (from ten to around 14) (Committee of 518 

Budget for Agriculture, 2017), the increase in the next 18 years was 14.4 cows to 27.9 cows 519 

(Statistics Norway, 2019). Most farmers who have rebuilt their cowsheds and invested in a 520 

robot have, until recently, planned for between 40 and 60 cows. Thus, AMS usage has driven 521 

the average size rapidly upwards. Because the total amount of milk produced in Norway is 522 

relatively stable consequent to constraints in the domestic market, this development reveals 523 

a substantial structural change at the aggregated level. Between 2000 and 2018, the number 524 

of dairy farms decreased from 20,734 to 8,150 (Statistics Norway, 2019). However, in the last 525 

couple of years, even small and medium-sized dairy farms have invested in AMS. Supported 526 

by a recent change in governmental policy (active from 2018 onward), the structural change 527 

at the aggregated level may be less in coming years than in the period from 2000 to 2018.  528 

Following abductive logic, we have discussed various factors related to this development. The 529 

primary motives for investing in milking robots relate to quality of life, including a more 530 

flexible workday, reduced physical work, as well as a desire to achieve what is regarded as the 531 

future standard of dairy farming. Investment in AMS most often includes a substantial 532 

expansion in milk production that entails an increased need for fodder, transport, and labor 533 



26 
 

at farm level. The domestic political framework has not pushed the observed structural 534 

developments; rather, policy has adapted to them. Neither are the structural developments 535 

pushed by farmers’ need or wish to increase incomes. Farmers’ motives are more of a social 536 

character, and their modest economic expectations are supported by experiences and 537 

economic results.  538 

However, the described structural and political changes must be seen in light of both the 539 

ideational shift in the direction of neo-productivism (e.g. Mackay and Perkins 2019; Wilson 540 

and Burton, 2015), and the context of the Norwegian political economy (Forbord and Vik 541 

2017). The situation, however, seems to be that the structural developments resulting from 542 

the introduction of robotic milking in Norwegian agriculture are a series of unplanned 543 

consequences of farm level strategies, political adaptations, technological characteristics, and 544 

milking robot capacities.  545 

Funding 546 

This study is part of the Norwegian R&D project “New approaches for management and 547 

breeding of dairy cows, in automatic milking systems (AMS)” coordinated by the Norwegian 548 

University of Life Sciences and funded by Norwegian Research Funding for Agriculture and 549 

Food Industry and the dairy cooperative TINE. Two of the authors are employees at TINE, and, 550 

in this work, they have adhered to sound scientific traditions. The funding sources did not 551 

steer the design and execution of the research or influence the analysis or conclusions. The 552 

views expressed in this article are those of the authors only. 553 

Statement of author contribution 554 

NN1 was responsible for the policy approach of the article (regarding the structure) and 555 

contributed to other parts such as the Introduction, Discussion, and Conclusion sections. NN2 556 



27 
 

interpreted the farmers’ interviews, contributed to other parts of the manuscript, and edited 557 

the manuscript. NN3 and NN4 designed the study and the interview guide. NN3 interpreted 558 

interviews with farmers and contributed to the writing. NN4 carried out interviews with 559 

farmers and added some information regarding other parts of the manuscript. All four 560 

authors have contributed to the manuscript and are equally responsible. The order of the 561 

authors reflects the work done in writing this article.  562 

References 563 

Almås, R. 2016. Omstart: Forslag til ein ny landbrukspolitikk. Melhus: Snøfugl. 564 
Almås, R. and J. Brobakk. 2012. "Norwegian dairy industry: a case of super-regulated co-operativism. 565 

In Reidar Almås, Hugh Campbell (ed.) Rethinking Agricultural Policy Regimes: Food Security, 566 
Climate Change and the Future Resilience of Global Agriculture (Research in Rural Sociology 567 
and Development, Volume 18) pp.169-189, Emerald Group Publishing Limited.  568 

Almås, R., and J. Vik. 2015. "Strukturelle og institusjonelle endringsprosesser i den norske 569 
melkesektoren." In H. Bjørkhaug, R. Almås and J. Vik (ed.). Norsk matmakt i endring,  pp. 570 
267-86. Bergen: Fagbokforlaget.  571 

Arnoldussen, A.H., M. Forbord, A. Grønlund, M.E. Hillestad, K. Mittenzwei, I. Pettersen, and T. Tufte. 572 
2014. "Økt matproduksjon på norske arealer." Rapport 6-2014. Oslo:AgriAnalyse. 573 

Barnes, A., L.A. Sutherland, L. Toma, K. Matthews, and S. Thomson. 2016. "The effect of the 574 
Common Agricultural Policy reforms on intentions towards food production: Evidence from 575 
livestock farmers."  Land Use Policy 50, pp 548-58. doi: 10.1016/j.landusepol.2015.10.017. 576 

Bentley, J.A., L.F. Tranel, L.L. Timms, and K. Schulte. 2013. "Automatic Milking Systems (AMS)—577 
Producer Surveys." AS 659, ASL R2788. Iowa. 578 

Budsjettnemnda. 2019. "Resultatkontrollen for gjennomføring av landbrukspolitikken. Utredning nr. 579 
3.". Oslo. 580 

Burton, R.J.F. 2004. "Seeing through the 'good farmer's' eyes: Towards developing an understanding 581 
of the social symbolic value of 'productivist' behaviour."  Sociologia Ruralis 44 (2), pp 195-582 
215. doi: 10.1111/j.1467-9523.2004.00270.x. 583 

Butler, D., L. Holloway, and C. Bear. 2012. "The impact of technological change in dairy farming: 584 
robotic milking systems and the changing role of the stockperson."  Royal Agricultural 585 
Society of England 173, pp 1-6. 586 

Carolan, M. 2013. Reclaiming food security. London, UK: Taylor and Francis. 587 
Committee of Budget for Agriculture. 2017. "Control of Results of Agriculture Policy (in Norwegian)." 588 

Oslo: NIBIO. 589 
de Roest, K., P. Ferrari, and K. Knickel. 2018. "Specialisation and economies of scale or diversification 590 

and economies of scope? Assessing different agricultural development pathways."  Journal 591 
of Rural Studies 59, pp 222-31. doi: https://doi.org/10.1016/j.jrurstud.2017.04.013. 592 

Drach, U., I. Halachmi, T. Pnini, I. Izhaki, and A. Degani. 2017. "Automatic herding reduces labour and 593 
increases milking frequency in robotic milking."  Biosystems Engineering 155, pp 134-41. doi: 594 
http://dx.doi.org/10.1016/j.biosystemseng.2016.12.010. 595 

Eastwood, C., L. Klerkx, and R. Nettle. 2017. "Dynamics and distribution of public and private 596 
research and extension roles for technological innovation and diffusion: Case studies of the 597 



28 
 

implementation and adaptation of precision farming technologies."  Journal of Rural Studies 598 
49, pp 1-12. doi: 10.1016/j.jrurstud.2016.11.008. 599 

Feilzer, M.Y. 2010. "Doing Mixed Methods Research Pragmatically: Implications for the Rediscovery 600 
of Pragmatism as a Research Paradigm."  Journal of Mixed Methods Research 4 (1), pp 6–16. 601 
doi: 10.1177/1558689809349691. 602 

Forbord, M., H. Bjørkhaug, and R.J.F. Burton. 2014. "Drivers of change in Norwegian agricultural land 603 
control and the emergence of rental farming."  Journal of Rural Studies 33, pp 9-19. doi: 604 
http://dx.doi.org/10.1016/j.jrurstud.2013.10.009. 605 

Forbord, M., and J. Vik. 2017. "Food, farmers, and the future: Investigating prospects of increased 606 
food production within a national context."  Land Use Policy 67, pp 546-57. 607 

Government. 2005. "Soria Moria erklæringen: Plattform for regjeringssamarbeidet mellom 608 
Arbeiderpartiet, Sosialistisk Venstreparti og Senterpartiet." Oslo: Norwegian Government. 609 

———. 2013. "Sundvolden-plattformen: Politisk plattform for en regjering utgått av Høyre og 610 
Fremskrittspartiet." Oslo: Norwegian Government. 611 

Grue, P.H. 2014. Norsk jordbrukspolitikk 1970-2010. Del 2. Landbrukspolitikken 1986-2010. Oslo: 612 
NILF. 613 

Halfacree, K. 2007. "Trial by space for a ‘radical rural’: Introducing alternative localities, 614 
representations and lives". Journal of Rural Studies 23 (2), pp 125-141. 615 
https://doi.org/10.1016/j.jrurstud.2006.10.002 616 

Hansen, B.G. 2015. "Robotic milking-farmer experiences and adoption rate in Jæren, Norway."  617 
Journal of Rural Studies 41, pp 109-17. doi: 618 
http://dx.doi.org/10.1016/j.jrurstud.2015.08.004. 619 

Hansen, B.G., H.O. Herje, and J. Höva. 2018. "Profitability on dairy farms with automatic milking 620 
systems compared to farms with conventional milking systems."  International Food and 621 
Agribusiness Management Review 0 (0), pp 1-14. doi: 10.22434/ifamr2018.0028. 622 

Hansen, B.G., and T. Nærland. 2017. "A comparison of whole farm budgets versus farm accounts and 623 
suggestions for future planning of farm expansion and economic management."  624 
International Journal of Agricultural Management 6 (2), pp 1-9. 625 

Hansen, B.G., and E.P. Stræte. In review at journal. "New technology: Dairy farmers’ job satisfaction 626 
and the influence of automatic milking systems ". 627 

Hoc, J.M. 2000. "From human – machine interaction to human – machine cooperation."  Ergonomics 628 
43 (7), pp 833-43. doi: 10.1080/001401300409044. 629 

Holloway, L., C. Bear, and K. Wilkinson. 2014. "Robotic milking technologies and renegotiating 630 
situated ethical relationships on UK dairy farms."  Agriculture and Human Values 31 (2), pp 631 
185-99. doi: 10.1007/s10460-013-9473-3. 632 

Hårstad, R.M.B. 2019. "Bonden, familien og melkeroboten – en ny hverdag." Rapport 2/19. 633 
Trondheim: Ruralis. 634 

Jacobs, J., and J. Siegford. 2012. "The impact of automatic milking systems on dairy cow 635 
management, behavior, health, and welfare."  Journal of Dairy Science 95 (5), pp 2227–47. 636 

John, A.J., C.E.F. Clark, M.J. Freeman, K.L. Kerrisk, S.C. Garcia, and I. Halachmi. 2016. "Review: 637 
Milking robot utilization, a successful precision livestock farming evolution."  Animal 10 (9), 638 
pp 1484-92. doi: 10.1017/s1751731116000495. 639 

Kjesbu, E., O. Flaten, and H. Knutsen. 2006. "Automatiske melkingssystemer - en gjennomgang av 640 
internasjonal forskning og status i Norge." NILF-notat 2006-6. Oslo: NILF. 641 

Mackay, M. and H.C. Perkins, 2019. "Making space for community in super-productivist rural 642 
settings", Journal of Rural Studies 68, pp 1-12. doi: 10.1016/j.jrurstud.2019.03.012. 643 

Marsden, T.K. 1998. "Agriculture beyond the treadmill? Issues for policy, theory and research 644 
practice "  Progress in Human Geography 22 (2), pp 265–75. 645 

Ministry of Agriculture and Food. 1999. "St.meld. nr. 19 (1999-2000) Om norsk landbruk og 646 
matproduksjon." Oslo: Ministry of Agriculture and Food. 647 



29 
 

———. 2005. " Landbruk – mer enn landbruk. Landbruks- og matdepartementets strategi for 648 
næringsutvikling. ." Oslo: Ministry of Agriculture and Food. 649 

———. 2011. "Meld. St. 9 (2011-2012) Landbruks- og matpolitikken — Velkommen til bords." 650 
Ministry of Agriculture and Food. Oslo: Ministry of Agriculture and Food. 651 

———. 2016. "Meld. St. 11 (2016 – 2017) Endring og utvikling: En fremtidsrettet 652 
jordbruksproduksjon." Oslo: Ministry of Agriculture and Food.  653 

NMSM. 2019. "AMS i de nordiske lande." Nordiske Meieriorganisasjoners Samarbeidsutvalg for 654 
Mjølkekvalitetsarbeid. 655 

Norwegian Agriculture Agency. 2017. "KU - Foretak med felles melkeproduksjon 2016, 656 
fylkesfordeling ", Nr. R201.  657 

Nærland, T. 2015. "Økonomi og driftsleiing på utbyggingsbruk i mjølkeproduksjon: Erfaringar frå 36 658 
bruk i Rogaland basert på intervju og økonomisk analyse." Særheim: TINE Rådgiving. 659 

Partssammensatt arbeidsgruppe. 2007. "Evaluering av omsetningsordningen for melkekvoter." 660 
Rapport fra en partssammensatt arbeidsgruppe. Oslo. 661 

Pettersen, I., L.Ø. Eriksen, J. Nåvik Hval, O. Storstad and J. Vik. 2009. "Tilslørt, virksom og treffsikker - 662 
Evaluering av Bygdeutviklingsordningen". Nilf report No 4/2009. Oslo: Nilf. 663 

Rodenburg, J. 2017. "Robotic milking: Technology, farm design, and effects on work flow."  Journal of 664 
Dairy Science 100 (9), pp 7729-38. doi: https://doi.org/10.3168/jds.2016-11715. 665 

Rotz, C.A., C.U.Coiner and K.J.Soder. 2003. "Automatic Milking Systems, Farm Size, and Milk 666 
Production". Journal of Dairy Science, 86 (12). pp. 4167-4177. doi: 10.3168/jds.S0022-667 
0302(03)74032-6. 668 

Salfer, J., M. Endres, W. Lazarus, K. Minegishi, and B. Berning. 2017. "Dairy Robotic Milking Systems – 669 
What are the Economics?" eXtension, accessed 25.01. 670 
https://articles.extension.org/pages/73995/dairy-robotic-milking-systems-what-are-the-671 
economics. 672 

Sand, R., C.L. Bjerkli, G. Nossum, H. Sivertsen and T. Sollied. 2019. "Teknologi og mellomstore 673 
melkebruk.  Hvordan kan satsing på mellomstore melkebruk slå ut på teknologisk utvikling 674 
og struktur i norsk melkeproduksjon? ". TFoU-report 1/2019. Steinkjer: TFoU.  675 

Statistics Norway. 2019. "Agricultural statistics: https://www.ssb.no/statbank/list/stjord.  676 
Steeneveld, W., L.W. Tauer, H. Hogeveen, and A.G.J.M. Oude Lansink. 2012. "Comparing technical 677 

efficiency of farms with an automatic milking system and a conventional milking system."  678 
Journal of Dairy Science 95 (12), pp 7391-8. doi: http://dx.doi.org/10.3168/jds.2012-5482. 679 

Stortinget. 2017. "Innst. 251 S (2016-2017) Innstilling til Stortinget fra næringskomiteen Meld. St. 11 680 
(2016-2017): Endring og utvikling – En fremtidsrettet jordbruksproduksjon." Oslo: Stortinget. 681 

Stræte, E.P., and R. Almås. 2007. "Samdrift i melkeproduksjonen. En samvirkestrategi for økt velferd 682 
og fleksibel drift." Rapport 03/07. Trondheim: Norsk senter for bygdeforskning. 683 

Stræte, E.P., J. Vik, and B.G. Hansen. 2017. "The Social Robot: A Study of the Social and Political 684 
Aspects of Automatic Milking Systems."  Proceedings in System Dynamics and Innovation in 685 
Food Networks. doi: DOI: http://dx.doi.org/10.18461/pfsd.2017.1722. 686 

Sutherland, L.A., R.J.F. Burton, J. Ingram, K. Blackstock, B. Slee, and N. Gotts. 2012. "Triggering 687 
change: Towards a conceptualisation of major change processes in farm decision-making."  688 
Journal of Environmental Management 104, pp 142-51. doi: 10.1016/j.jenvman.2012.03.013. 689 

Tavory, I., and S. Timmermans. 2014. Abductiv analysis. Theorizing qualitative research. Chicago and 690 
London: The University of Chicago Press. 691 

Tomlinson, I. 2013. "Doubling food production to feed the 9 billion: A critical perspective on a key 692 
discourse of food security". Journal of Rural Studies, 29, pp. 81-90. doi: 693 
10.1016/j.jrurstud.2011.09.001 694 

TINE. 2018. "Melkeroboter i Norden 2016." Oslo:TINE. 695 
———. 2019. "Tine Råvare mjølkekvalitetsstatistikk." Oslo: TINE. 696 
Tse, C., H.W. Barkema, T.J. DeVries, J. Rushen, and E.A. Pajor. 2017. "Effect of transitioning to 697 

automatic milking systems on producers' perceptions of farm management and cow health 698 

https://doi.org/10.3168/jds.2016-11715


30 
 

in the Canadian dairy industry." Journal of Dairy Science 100 (3), pp 2404-14. doi: 699 
10.3168/jds.2016-11521. 700 

Tse, C., H.W. Barkema, T.J. DeVries, J. Rushen, E. Vasseur, and E.A. Pajor. 2018. "Producer experience 701 
with transitioning to automatic milking: Cow training, challenges, and effect on quality of 702 
life."  Journal of Dairy Science 101 (10), pp 9599-607. doi: 10.3168/jds.2018-14662. 703 

Valliant, J.C.D., J.R. Farmer, S.L. Dickinson, A.B. Bruce, and J.M. Robinson. 2017. "Family as a catalyst 704 
in farms' diversifying agricultural products: A mixed methods analysis of diversified and non-705 
diversified farms in Indiana, Michigan and Ohio."  Journal of Rural Studies 55, pp 303-15. doi: 706 
10.1016/j.jrurstud.2017.08.017. 707 

Van Der Ploeg, J.D. 2000. "Revitalizing Agriculture: Farming Economically as Starting Ground for 708 
Rural Development."  Sociologia Ruralis 40 (4), pp 497-511. doi: 10.1111/1467-9523.00163. 709 

Vasseljen, J. 2016. "Økonomien i robotmelking." Notat. Oslo: NIBIO. 710 
Vik, J., and G.-T. Kvam. 2017. "Governance and growth - A case study of Norwegian whey protein 711 

concentrate exports."  International Journal on Food System Dynamics 8 (4), pp 336-46. doi: 712 
http://dx.doi.org/10.18461/ijfsd.v8i4.846. 713 

Vik, J., A. Zahl-Thanem, and H.E. Almaas. 2017. "Virksomme virkemidler? En analyse av 714 
budsjettstøtte og oppnåelse av politiske mål for jordbruket." Ruralis rapport 9. Trondheim: 715 
Ruralis. 716 

Ward, N. 1993. "The Agricultural Treadmill and the Rural Environment in the Post-Productivist Era."  717 
Sociologia Ruralis 33 (3-4), pp 348-64. doi: 10.1111/j.1467-9523.1993.tb00969.x. 718 

Wessel, G., E. Altendorf, C. Schreck, Y. Canpolat, and F. Flemisch. 2019. "Cooperation and the role of 719 
autonomy in automated driving." In Lecture Notes in Control and Information Sciences, 1-27. 720 

Wilson, G.A. 2007. Multifunctional Agriculture: A Transition Theory Perspective. New York and 721 
Wallingford: Oxford University Press and CAB International. 722 

Wilson, G.A. 2008. "From 'weak' to 'strong' multifunctionality: Conceptualising farm-level 723 
multifunctional transitional pathways". Journal of Rural Studies 24 (3), pp. 367-383. doi: 724 
10.1016/j.jrurstud.2007.12.010. 725 

Wilson, G.A., and R.J.F.Burton. 2015. "'Neo-productivist' agriculture: Spatio-temporal versus 726 
structuralist perspectives". Journal of Rural Studies, 38, pp. 52-64. doi: 727 
10.1016/j.jrurstud.2015.02.003. 728 

Wolfert, S., L. Ge, C. Verdouw, and M.-J. Bogaardt. 2017. "Big Data in Smart Farming – A review."  729 
Agricultural Systems 153, pp 69-80. doi: http://dx.doi.org/10.1016/j.agsy.2017.01.023. 730 

 731 

 732 



31 
 

 733 

Table 3. Norwegian agricultural policy developments 2000–2018 734 

Year  2000 2002 2004 2006 2008 2010 2012 2014 2016 2018  

Government Labor  
2000 to 2001 

Center/Right,   
2001 to 2005 

Labor/Center,  
Oct 2005 to 0ct 2013 

Right (H/Frp),  
from Oct 2013 

 

International 
focus in 
agricultural 
policies  

Multifunctional perspectives Food crises and food security New overproduction problems 

Official 
agricultural policy 
documents and  
 
Key perspectives  

White Paper  

St.Meld. nr. 19 (1999–2000)   

 

 

Multifunctionality (and moderate 

structural development in dairy 

production) 

Government 
strategy 
Agriculture + (in 
2003) 
 
Diversification  
 

New government platform  
The Soria Moria declaration 
 

Multifunctionality  

White paper Meld.St. 
9. (2011–2012)   
 
 
Food security  
Increased national 
production while 
upholding distributed 
agriculture 

New 
government 
platform 
The Sundvolden 
statement 
 
Cost-effective 
agriculture 

White paper  
Meld.St. 11 (2016–2017)           
 
 
 
Efficient production while 
upholding distributed 
agriculture  

New/changed 
funding  
schemes 
 

  Increased 
investment funds 
to diversifying 
farmers 

    Increased 
support for high 
production 
levels (meat, 
milk, land)  

  

 
Milk quota 
regulation 

Governmental 
trade with 
quotas since 
1997 

Tradeable quotas 
(effective from 
2003) 

  Possible to rent 
quota (effective 
from 2009) 

 Increased 
flexibility in milk 
quota trade 
system 

   

Max quota Increased maximum quota from 170,000 to  
400,000 liters for single farms and from 400,000 to 
750,000 liters for joint farms 

    Increased 
maximum 
quota to 
900,000 liters 

  

Joint farming Extra subsidies 
for joint farming 

 Extra subsidies 
removed 

       

Source: Grue, 2014; Almås and Vik, 2015; Vik et al., 2017; Almås, 2016; Government, 2005, 2013; Ministry of Agriculture and Food, 2005, 2011, 735 
2016, 1999  736 
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